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QUANTIFYING THE THERMAL BEHAVIOR OF SLAGS

QUANTIFYING THE THERMAL BEHAVIOR OF SLAGS WILL

IMPROVE PRODUCTIVITY, INCREASE YIELD, AND DECREASE

POLLUTION IN STEEL PRODUCTION

Successful operation of a continuous caster is based upon control of heat
transfer in the mold.  The mold slag is the key component in the success of
continuous casting.

Recently, a new experimental technique was developed at Carnegie Mellon
University that allowed the solidification behavior of a slag to be observed and
quanitfied under conditions that stimulate the thermal conditions that occur in
steelmaking environments.  This technique allows ladle, tundish, and mold
slags to be characterized.  Initial studies have shown that the solidification
behavior of a slag is a function of its cooling rate and its environment.

The project is being conducted under the American Iron and Steel Institute’s
(AISI) Technology Roadmap Program.  The project will allow slag design to
become an engineering science rather than an empirical exercise.  The project
will allow the operation of the continuous caster to be better understood and
lead to increased productivity and decreased defect formation in continuous
cast product.  This information will also be a key to improving the castability of
difficult to cast grades on all types of casters.  In addtion to operational issues,
the understanding of the solidification behavior of slags is a key in the under-
standing of the response of the inclusional material to subsequent thermo-
mechanical processing.  Thus, this work will aid in reducing overall energy con-
sumption of the steel industry by aiding in increased productivity and de-
creased defect ratio, both key components of successful hot charging.   More-
over, an environmentally postitve outcome of this project will be the ability to
design slags which do not contain fluorine.
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BENEFITS

• A projected $10 million cost

reduction per year throughout the

U.S. steel industry

• Increased productivity and de-

creased defect formation in

continuous cast product

• Improved castability of difficult to

cast grades

• Reduced energy consumption

• Understanding solidification

behavior of slags

• Slags designed without fluorine,

thus reducing environmental

pollution

• Development of rational design

criteria for use in the applications of

slags in ladles, tundishes, and

molds

APPLICATIONS

By quantifying the thermal behavior of

slags, the outcomes entail further de-

velopment of a tool which will have

broad use in the quantification of slag

melting and solidification behavior and

development of a set of meaningful cri-

teria for slag application in steel mill

environments.
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Single detached cubic crystal in the melt at 1330 oC.

 

CRYSTALLIZATION BEHAVIOR OF MOLD SLAGS



Project Description

Goal:   To develop a detailed understanding of the solidification behavior of a slag to allow
slag design to become an engineering science.

Obejectives:
1)  Develop a systematic understanding of the effect of cooling rate on slag solidification.
2)  Develop a systematic understanding of the effect of slag chemistry changes on slag
     solidification behavior.
3)  Develop a method to characterize slag melting.
4)  Develop an understanding of the role of the environment on slag solidification and melting.
5)  Develop the ability to understand slag solidification under the conditions that occur in the
     continuous caster.
6)  Develop the ability to predict the solidification behavior of slags.
7)  Develop the critieria for optimization of slags in steelmaking environments where they are
     under thermal gradients.

Progress and Milestones

• Project start date, February, 2000, three-year project.

• Quantify standard slags (nine months).
• Quantify effect of heating rate (23 months).
• Gather experimental data and correlate.
• Develop ability to characterize slag solidification in casting;  develop ability to predict

solidification behavior of slags;  and, develop criteria for optimization of slag engineering
(35 months).

• Complete development of solidification model (35 months).
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